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ABSTRACT 
The aim of this thesis is to formulate a reduced dynamical model for 
the Shuttle based astro-mast antenna system by using a four degree 
of freedom model. Four degrees of freedom are considered suffi- 
cently representative of the response, caused by the application of 
step function torques giving acceleration and deceleration of the 
antenna dish. The aim is to obtain a model that can be clearly 
understood in terms of dynamics and control by limiting the analysis 
to only four degrees of freedom. 
This thesis formulates the corresponding dynamical model of 
the astro-mast antenna system. Using this dynamical model, an 
open loop pitching maneuver is simulated, eigenvalue analy- 
sis is applied.'and residual oscillations at the end of the ma- 
neuver, are damped out by the d.c. servo motor using closed 
loop feedback control. 
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1. INTRODUCTION 
The aim of this thesis is to formulate a reduced dynamical model for the Shuttle based 
astro-mast antenna system by using a four degree of freedom system. These are considered 
sufficently representative of the response. caused by the application of step function torques 
giving acceleration and deceleration of the antenna dish. The aim is to obtain a model 
that can be clearly understood in terms of dynamics and control by limiting the analysis to 
only four degrees of freedom. 
The aim of such antenna experiments was to perform accurate maneuvers through a pres- 
cribed angle, so that the antenna is pointed to a target in space, and to verify mathemati- 
cal modelliig and simulation. Vibration due to the maneuver must not be excessive and at 
the end of the maneuver it is required to use active vibration control. feeding back the 
systems displacements and velocities into the gimbal servo motor. in order to reduce the 
residual vibration. caused by the maneuver. to zero as quickly as possible. 
This thesis does not examine yawing motions. which is the subject of another investigation. 
Normally a maneuver. involving pitch and yaw. does perform, say, pitch first, followed by 
the yaw maneuver. after the oscillations from the first maneuver have beeen damped out, 
since it is much more complex to consider both maneuvers simultaneously. 
It is assumed that the Shuttle does not rotate due to the small torque transmitted from the 
base of the mast. The degree of rotation is deteremined as a check. 

































































































































































































































